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(54) Process for producing articles of regenerated chltln-chltosan containing material and the 
resulting articles 

(57) The present invention provides fiber materials, 
knits and textiles, nonwoven fabrics, miscellaneous 
daily goods or foam materials having an improved dye- 
ability, bio-compatibility, anti-microbial activity, good bio- 
degradative property, and being effective for deodoriz- 
ing uses, growth enhancing uses fbr plants aiKi medical 
uses, and having anti-microbiai effect produced from 
the chHIn-chitosan viscose which is produced by a xan- 
thogenation reaction of alkaline chitin-chitosan having a 
different DAC ratio through a pre- and post-immersion 
steps in an NaOH solution, or from a viscose in which 
chitin-chitosan and cellulose are soiubilized. 

In tiie process for produdng chitin-chitosan/cellu- 
lose fibers, f Sms or foam materials from the chitin-chi- 
tosan/celluk)se viscose, chitin-chitosan in which DAC 
ratio and degree of polymerization are adjusted Is 
formed through an Irrproved pre-fmmersk>n step in 
which the chitin material is immersed in a NaOH solu- 
tion of high concentration at high temperature and 
through an improved post-immersion step in which the 
temperature is decreased. The chitin-chitosan/celluk>se 
viscose is produced by a xanthogenation reaction with 
CSa and tsy dissolving in crashed ice. The viscose 
obtained or a viscose in which chitin-chitosan and cellu- 
lose are soiubilized in a desired ratio is used fbr produc- 
ing fibers or films, and the viscose in which a foaming 
agent is added is used fbr producing foam materials. 
Span-lace process nonwoven fabrics can be also pro- 
duced from these viscose. 
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Description 

Bad^r und of the Invention 
5 (1) Reld of the Invention 

This invention relates to a process fa producing a viscose of the material (referred to as chitin-chitosan hereinafter) 
having mixed structure units of chitin, which contains amtnoacetyl groups, and of chitosan. which contains amino 
groups, on the same molecule ksy using chitin as a starting material. The invention also relates to clothing and the like 

10 having an improved dyeability, bio-conpatibility. anti-mtcrobial activity, and excellent bio-degradative property, such as 
fbers, knits and textiles, films, nonwoven fabrics, or foams composed of regenerated chrtin-chitosan or a combination 
of regenerated chitin-chitosan and regenerated cellulose in various combination ratios whk:h are obtained by spinning 
or fbaming saki cNtin-chitosan viscose or a viscose in which said chitin-chitosn and cellulose are mixed in a desired 
amount or the viscose in which a foaming agent is mixed. The invention furtfter relates to medical materials, hygienic 

IS materials, anti-mfcrobial fibers, knits and texitiles, films, nonwoven fabrics, as well as miscellaneous daily goods made 
from these fiber materials, foam materials, and the lika 

The term "bio-compatibility" herein implies, in addition to the common meaning, tiiat the contact of chitin-chitosan 
containing material with human skin enhances the biological self-defensive function of the human body through lys- 
ozyme activities. 

20 

(2) Description of the Prior Art 

Many attempts have been carried out to produce articles such as fibers, knits and textiles, films, nonwoven fabrics 
or foam materials using chitin or chitosan. The inventors of this invention have described details of ttie process for pro- 
25 ducing the aforementioned articles in Japan Patent Application HEI 6-252861 (refen-ed to as the prior application of the 
inventors). 

Summary of the Invention 

30 Chitin or chitosan was simply processed to fbmi fibers in the prior art and practk»l utilization of their characteristics 
was insuffksient. Following the prior patent applications of the inventors, ttie inventors of tiiis invention have investigated 
the art In detail and developed a process for producing articles of most desirable today having bio-corrpatibility, anti- 
microbial activity and improved dye affinity that has been a characteristic of the article, thus succeeding in its industrial 
production. 

35 Chitin means p-1 ,4-poly-N-acetyl-D-gfucosamine and the acetyl groups are eliminated and converted into amino 
groups in chitosan as a result of hydrolysis of chitin, Chitin having acetamide groups usually exhibits cell activation 
effects through various means in either animals or plants. It is utilized for human beings as healttiy foods or medical 
materials in the forms of f bers, knits and textiles, films, nonwoven fabrics or fbam materials. The effect fbr promoting 
chitinase production and the effect for Improving the population of soil bacteria are also obsen^ in chitin. Although 
40 evaluations tbr the effect of chitosan are indefinite, there often recognized tiiat an increase of chitosan conponent 
enhances anti-microbial activity. Wo have also observed that the Increase off chitosan component strengthens the anti- 
microbial effect of the articles. 

In the continued investigation after completing the prfor patent application by the investigators, it was reconfirmed 
that chitin-chitosan has cell activation effects and anti-miCTobial activity for all the livings including human t)eings. More- 
ls over, it may be helpful for solving the woridwkie problems of pollution of the earth ttirough the adequate degradability 
and the ability of activating living cells. Based on the recognitions described above, we have completed the process for 
producing chitin-chitosan fibers or chitin-chitosan containing f bers and its articles. 

According to the present invention, de-acetytation of chitin molecules is accomplished easily by k>osening the 
highly tight tissue of chitin through a sodium hydroxkfe treatment at a high temperature range of 40*0 or more to 95*C 
50 or less (pre-immersion step devetoped by the inventors). This process enabled to adjust the mixing ratio between chitin 
and chitosan (referred to as DAG ratio) in chitin-chitosan products to a most suitable value fbr the present invention. 
Thus, the invention succeeded in improving ttie industrial process for producing chitin-chftosan containing viscose. The 
present invention also made it possible for ttie first time to procfoce chitin-chitosan containing viscose in an industrial 
scale, ttiereby enabling ttie production of fbers. knits and textiles, fams, nonwoven fabrics or foam materials ttiat are 
55 useful for human beings. Fibers, knits arxl textiles, films, nonwoven fabrics or loam materials are generally termed as 
articles in this invention. 
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Detailed Description of th Invention 

The first feature of this invention comprises a process for producing chttin-chitosan containing viscose character- 
ized in that a chitin raw material containing 0.2% by weight or less of ashes, having a viscosity of 20 to 250 CPS and 
partide diameter of 4mm or less is used, comprising the steps of adjusting DAC ratio and degree of pdym rization of 
said chitin material by immersing the material in 30 to 48% by weight of an aqueous solution of NaOH ibr 1 0 tol 20 min- 
utes at 40 to 95*C (referred to as a pre-immersion step) to form a compound having a structure unit of chitin having aml- 
noacetyl groups and a structure unit of chitosan having amino groups (referred to as chitin-chrtosan hereinafter), 
immersing the chitin-chitosan in said aqueous solution of NaOH forlO to 60 minutes at a reduced tenperature of 70 to 
30»C to adjust NaOH content (referred to as a post-immersion step) and cojshing the chitin-chrtosan after conpressing 
it into 3 to 5 times the specific weight of the chitin material; followed by subjecting to a xanthation of chitin-chitosan by 
introdudng 30 to 80% by weight of CSj to the chitin material at 20 to 35'C for 2 to 4 hours at a lowered pressure, and 
then adding 2.5 to 30th volume of crushed ice to the chitin material to dissolve the chitin-chitosan with stining for 2 to 
30 hours. 

The second feature of this invention comprises a process for producing a fber of chitin-chitosan alone or a fiber 
corrposed of chitin-chitosan and cellulose, characterized in that the fiber Is spinned by the wet spinning method for the 
conventional viscose rayon by using a viscose containing chitin-chitosan alone produced by the steps aocoiding to the 
first feature of this invention, or by using a viscose in which chitin-chitosan and cellulose are solubilized in a desired mix- 
ing ratio k3y weight 

The tiiird feature of this invention comprises a process for producing chitin-chitosan films or chitin-chitosan and cel- 
lulose mixed films, characterized in that the films are formed by a conventional viscose process for producing cellulose 
films using a viscose of chitin-chitosan alone produced according to the process desaibed in the first feature of ttiis 
invention or using a viscose in which chitin-chitosan and cellulose are solubilized in a desired ratio by weight followed 
by defoaming. 

The fourth feature of this invention comprises a process for producing foam materials of chitin-chitosan or mixed 
foam materials of chitin-chitosan and cellulose, characterized in that ttie chitin-chitosan viscose, which is produced by 
the process according to the first feature of this invention, or a viscose produced by the process according to the second 
feature of this invention, in which the chHin-chitosan and cellulose are solubilized in a desired amount is mixed with a 
foaming agent and spinned in a spinning bath for the cellulose viscose to produce the foam materials. 

The fifth feature of this invention comprises chitin-chitosan fibers or chitin-chitosan cellulose f bers, knits and tex- 
tiles, films, nonwoven fabrics or foam nraterials, characterized in tfiat fibers, films or foam materials composed of chit n- 
ch'rtosan or chitin-chitosan and cellulose produced by the process according to the second, tiiird or fourth step of this 
invention are used for clothing, hygienic articles or miscellaneous daily goods having, bio-conpatibiltty, anti-miaobial 
activity and good dyeability. 

The chitin-chrtosan raw material used has an ash content of 0.2% or less, a viscosity of 20 to 250 CPS as meas- 
ured at SO^'C in a 0.4% solution of the material in N.N-dimethylacetamide/LICI ° 96/4. and a partide size of 4 mm or less 
in diameter. Rbers, knits and textiles, films, nonwoven fabrics or foam materiais having bio-compatibility, excellent anti- 
microbial property and good dyeability are produced using tiie afore-mentfoned chitin-chitosan material by the following 
processes. 

(a) Pre-immerslon in an alkaline solution: The chitin-chitosan material is subjected to an alkaline adduct process at 
a temperature range of 40*C to 95*0. which is a process found by the inventors for the first time and has not l^een 
used in the conventional procesa A process comparable to tiie aging process in the rayon industry for adjusting tfie 
degree of polymerization of the chitin-chitosan material was made possible and the performance for f iltratton of the 
viscose obtained was improved by decreasing insoluble residues. The reason why tills process is employed will be 
described hereinafter. The key point of this step is to loosen the texture of chitin-chitosan structure by treating at a 
high temperature, resulting in a finding that the following reactions are made easy to piroceed. Thus, we have suc- 
ceeded in producing fibers, knits and fabrics, films, nonwoven fabrics or fbam materials having bio-conpatibility. an 
excellent anti-microbial property and good dyeability by using the material according to the first feature of this 
invention by the process described above. When ttie ash content in tiie chitin material is more than 0.2%, the chitin- 
chitosan viscose produced contains large amount of unreacted particles which are hardly soluble and. when ttie 
viscosity is not in the range of 20 to 250 CPS or the particle size distiibution is in the range of more than 4 mm. tfie 
solubility of ttie chitin-chitosan viscose is insufficient In both cases, the material is not suitable for the viscose 
according to this invention and can not be used. Applying the pre-immersion step foltowed by ttie post-immersion 
step for ttie alkaline treatment of ttie chitin material enhances de-acetyfation of chitin nrolecules, tiiereby making it 
possible to adjust ttie mixing ratio between chitin and chitosan (referred to as DAC ratto hereinafter) suitable for ttiis 
invention in ttie range of 15 to 75%. preferably 18 to 70% and most preferably 25 to 70%. 

(b) There are many reports descrfoing ttial chitin is helpful for treating wounded portions of the body or effective for 
curing allergic diseases by making ttie human skin healttiy ttirough enhancement of ttie activity of lysozyme or 
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many other effects not defined yet It has been made dear that chitosan is effective for the anti-micrdbial activity 
typically applied for clothing and miscellaneous daily goods. The afore-mentioned object of this invention is to 
adjust the DAO ratio described above to the desired value for the target of final products, thereby realizing an indus- 
trial production of fibers, knits and textiles, f iims. nonwoven fabrics and foam materials of chitin-chltosan or chitin- 
chitosan and cellulose. Without the pre-immersion and post immersion steps described above, the industrial pro- 
duction of various chrtin-chitosan containing products is difficult, although they could be produced in laboratories. 
Articles such as fibers, knits and textiles, films, nonwoven fabrics or foam materials having blo-corrpatibility, excel- 
lent anti-microbial property and good dyeability could only be produced successfully by using chitin-chitosan 
adjusted its DAC ratio to 1 5 to 75%, preferably 1 8 to 70% and most preferably 25 to 70% by applying pre-immerston 
and postH'mmersion steps according to this invention. 

(c) In the compressfon step after the pre- and post-immersion steps in the alkaline solution, the tenperature of the 
system may be at room temperature or more or. alternatively, it may be below room tenperature. However, when 
the temperature range of the compressfon step is adjusted to that of the post-immereion step, a desirable compres- 
sion can be acconplished. A good viscose can be produced by adjusting the concentration of cWtin-chitosan and 
by using a suitable amount of CS2. 

(d) The final amount of alkaline incorporated into chitin-chitosan can be adjusted by applying the pre-immersion 
and post immersfon steps according to this invention. In the succeeding step. CS2 reacts with chitin-chitosan at the 
point where the alkaline attaches. The reaction may be controlled depending on tiie nature of the viscose desired 
by adjusting the amount of the alkaline adduct at a suitable temperature. The temperature at the corrpression step 
is adjusted to that of post-immersion step in the range of 70 to 30*C depending on tfie nature of the viscose. 

The viscose solubilized by using crashed foe may be spinned in a suitable spinning bath, or it may be used as a 
spinning dope in which tiie viscose is mixed with a cellulose viscose. The mixing may be adjusted depending on the 
purpose of me final product by a variety of mettiods. The methods of mixing to fomi a spinning solution may be selected 
from ttie following steps; tfie chitin material and a cellulose pulp is mixed and the mixture is subjected to the steps from 
the alkaline immersion step to the sulphidation and solubilization step to form a viscose: a mixture of an alkaline chitin- 
chitosan and an alkaline cellulose is subjected to tfie sulphidation and solubilization step to form a viscose; the chitin- 
chitosan xanthate and cellulose xanthate are mixed and solubilized; or a chitin-chitosan viscose and cellulose viscose 
are mixed together. By selecting the mixing mettiods described above, articles such as fibers, knits and textiles, films, 
nonwoven fabrics or foam materials having bio-compatibility, excellent anti-microbial property and good dyeability cari 
be produced. 

-» 

(1) Selection of the material 

Chitin has a wfoespread occurrence in nature as structural materials mainly in arthropoda. annelida or mollusk. 
especially in the exo-skeleton of arttiropoda. The chitin material used in this invention occurs from the legs of a species 
of crabs (Beni-zuwaigani) which were crushed into a fine powder followed by treatments with dilute hydrochloric acid 
and NaOH solution for a short time to remove cafoium, proteins and other minor components. An exairple of the ana- 
lytical data of the components is listed below. 



water 


5.0% 


Ash 


0.08% 


Remaining proteins 


0.05% 


Viscosity (at 20^C) 


450 CPS 


Particle size 


60 mesh pass 



In measuring the viscosity at 20*C, a mixed solution of N.N-dimethylacelamfoe and lithium chloride is used witti a 
concentration of ttie sample of 0.4%. Although the chitin material may not be necessarily occurred from Beni-zuwaigani. 
chitin occun-ed from that species of crab is suitable for the production of ttie chitin fibers according to tiiis inventiori 
because it has a high viscosity as measured by the method described above and shows a high chemical and physical 
stability probably due to its tight glycosidic linkaga The fewer ttie amount of ashes and remaining proteins is ttie quality 
of the fiber obtained is more improved, wherein the amount of 0. 1 % or less of ttie remaining proteins is preferable, while 
viscosity has a dose relation to ttie nature of the f toer obtained, it can be selected to a desired value in ttie mixed spin- 
ning Witt! the cellulose viscose depending ttie mixing ratio of cellulose. Particle size correlates witti the time necessary 
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for converting chrtin t alkaline chitin and progress of de-acetylation reaction in the immereion steps described below 

m.!il^^^h^L^'^^^^^ AJthoughthecomposrtionandproperty Of thecommerdally availaw chitin 

matenals change widely as descnbed above, those having an ash content of 0,2% r less, a viscosity of 20 to 250 CPS 
as measured at 30*C by using 0.4% solution in N.N^iimethylacetamide/UCI = 96/4 and particle size of 4nim or less give 
preferable results and those having the values out of above standards make the industrial production difftault DAC ratio 
Of the chitin commercially availabi for industrial materials is in the range of 0.5 to 1 0%. 

(2) Pre-immersion step 

In the prior art the immersion step in the aqueous NaOH solution was carried out at the lowest tenperature possi- 
We because the purpose of this step was different from that according to this invention. The inventors of this invention 
however, use an aqueous solution of NaOH with a concentration of 30 to 48% by weight and apply the immersion steo 
at a high temperature range of 40 to 95»C to adjust the DAC ratio depending on the production purposes. Immersion at 
an unprecedented high temperature range enables a sufficient addition reaction of chitin with an alkali to proceed as 
described below by loosening the chitin structure besides maWng it posstole to select a desirable DAC ratio The selec- 
tion of the immersion conditions depends on the materials used, the quality of the expected viscose and the chitin-chi- 
tosan ratio in the final products. Using an alkaline solution of high concentration and treating at a high teirnerature for 
a long time increase the chitosan content 

20 (3) Post-immersion step 

The sulphidation step starts only when an alkaline attaches to chitin-chitosan. Since ttie addition of alkaline 
depends on tiie temperature, the temperature is selected to meet the conditions described in (4) so that a desirable 
alkaline addition in the succeeding steps is realized after the treatment described in (2) to proceed to tiie compression 
step. The upper and lower limits of the temperature for realizing a suitable property for the dissolution step are 70-C and 
30*>C. respectively, according to this invention. Actually, this upper and lower limits are regulated by the compression 
step described below. 

(4) Compression and crushing step 

Among the various compression methods, the nwst simple and reliable method is dehydration by centrifugation In 
the rayon indusfry. a pressing method ty passing through compression rollers is used. In the case of chitin-chitosan 
compression is rather difficult as compared with the case of cellulose because the native configuration of c^itin^hitosari 
molecule is different from that of cellulose and hydrogen bonds in chitin-chitosan are very strong, besides chitin-chi- 
tosan itself has a higher affinity against aqueous NaOH solution than that of cellulose. An adjustment of chitin-chitosan 
concentration or alkaline concentration would be diff icurt in the viscose if the problems described above are not solved 
It was one of the problem to develop a method for overcoming the difficulty in chitin-chitosan production in an industrial 
scale, which have been solved by the inventors by controlling tiie temperature at the compression step. The results of 
the study by the inventors made it clear that tiie temperature at the compression step is inportant to achieve a best per- 
formance even when any of the several compression methods is used. The lower limit of the compression terrperature 
is practically room temperature while the preferable temperature is 30 to ST'C. 

(5) Sulphidation step 

Xanthogenation reaction is earned out. under a similar condition as in the case of the production of cellulose vis- 
cose, by adding 30 to 80% by weight of carbon disulfide at a reduced pressure to the chitin material at a tenperature 
of 20 to 35«C. followed by stimng for at least 2 hours. Although tiie amount of addition of carbon disurde depends on 
the reaction condition and the size of tiie reactfon vessel, it is usually adjusted to a range of 30 to 80% by weight When 
the amount is less than 30% by weght. solubility of xanthate obtained is not so good while the amount of the addition 
of more than 80% by weight can not be applied in ttie process according to this invention because all the carbon 
disulfide added is not necessarily used effectively and sometimes causes super sulphKlation. 

(6) Solubilization step 

Usually 2.5 to 30 hokJs of aashed ice against xanthate Is added depending on ttie nature of the viscose to be pro- 
duced and the mixture is stirred for 2 hours or more, preferably 2 to 15 hours, to dissolve completely. The mechanism 
Of dissolution is tfiat the melting point decreases in ttie presence of tee. water and NaOH and hydrogen bonds in ttie 
alkaline chitin-chitosan are loosened to achieve resolution. However, ttie dissolution is practteally made difficult when 
the added amount of ice is less ttian 2.5 hoWs of ttie xanttiate. As for the upper limit, ttie addrtlon of tee of more ttian 30 
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holds of xanthate is not pref rabi since the viscose is too diluted together with causing a over-dilution of NaOH. 
(7)Rltrati n and ripening step 

TTi filtered viscose prepared by the similsu' process in the conventional cen or a mixed viscose of chi- 

tin-chitosan viscose and cellulose viscose by one of the afore-descnDed mixing methods is homogenized and is sub- 
jected to a ripening step to reach to an adequate viscosity for spinning, film ajspllcation or molding. 

Examples 

This invention is further illustrated referring to the examples, although they do not limit in any sense the scope of 
the Invention. 

Example 1 

In the immersion step, 40% off an aqueous NaOH solution was applied against various kinds of chitin materials at 
^ mixture was compressed and filtered to form an alKallne cWtin-cWtosan with a chitin-chitosan 
concentration of 27% and NaOH content of 32%. to alkaline chitin-chitosan was added 40% by weight of carbon 
disulf ide against chrtin and the mixture was allowed to react for 3 hours at 26 to SO^C. TTie properties of the viscose 
prepared by adding 12 holds of crashed ice against chitin are listed below. 



Na of Experiment 


No. 1 


No. 2 


No. 3 


No. 4 


Particle size 


less than 1mm 


less than 1mm 


less than 1mm 


4mm 


Ash content 


0,0% 


0.88% 


0.04% 


0.19% 


Viscosity of the solution (DMAC-LiCI) 


67 sec 


71 sec 


825 sec 


70 sec 


Kw 


890 


13.700 




39.500 


No. of unreacted particles 


small 


large 


mal-dissolution 


large 


DAG ratio 


5S% 


59.5% 




56.5% 



Example 2 

In this example, the same chitin material as in Example 1 was used while the conditions for preparing the slurry was 
changed. TTie material was sdubilized by using 10 holds by weight of crashed ice against the chrtin material and by stir- 
ring for 2 hours. The experimental results are listed below. 



No. of experiment 


No. 5 


Na6 


No. 7 


No. 8 


Immersion temp. 


60'C 


40»C 


25*C 




Concentration of NaOH for immersion 


41% 


40% 


41% 


45% 


Time 


3hrs 


1 hr 


3hrs 


3hrs 


Compression temperature (560G) 


55'C 


39«C 


25'C 


70*C 


Kw 


890 


1.200 


Unable to detect 


Unable to detect 


No. of unreacted 


small 


small 


mal-dissolution 


large 


DAG ratio 


57% 


32% 


5%* 


80% 
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23g of the chitin-chrtosan viscose produced by the process according t Example 1 (chitin-chitosan corrtent: S%) 
was added into 240g of a cellules viscose (cellulose content: 9%) produced by the conventional method and mixed 
with stirring. After mixing thor ughly and homogeneously and de-foaming, th viscose obtained was spinned by the 
conventional spinning method for the viscose fibers to obtain composite fibers of chitin-chitosan and rayon. The char- 
acteristic values of the f itDere obtained are listed below. 



10 


Dry strength 


2.6 g/d 


Dry elongation 


17.0% 




Wet strength 


1.6 g/d 


Wet elongation 


23.7% 



15 



Anti-microbial activity (shake flask mettKxl) 


Staphylococcus aureuse; 
Bacillus pneumoniae; 

Pseudomonas aeruginosa: 


degree of sterilization 
degree of sterilization 
degree of sterilization 


53% 
88% 
45% 



25 

Example 4 

Into 30g of Na 1 chitin-chitosan viscose (chitin-chitosan content: 5%) prepared in Example 1 was added 30g of 
neutral anhydrous sodium sulfate having a mean partide size of 3mm and the solution was mixed homogeneously. The 

30 mixture was placed into a vessel made of wood to form a layer of 20mm in tfiickness. followed by a solidification by heat- 
ing witii an electric current or by placing into a hot water bath. The solid obtained was placed into a spinning bath used 
for producing the conventional cellulose viscose fiber containing 1 litter of spinning solvent and the bath was heated to 
reflux for about 1 hour. After the reflux, the remaining solid was washed with warm water and then with an aqueous 
NaOH solution on 3% by weight in concentration. After a bleaching step, a sponge like solkf was obtained. This sponge- 

35 like product had an apparent specific gravity of 0.34 and was highly hygroscopic. 

Example 5 



The No. 5 or Na 6 viscose produced in Exanrple 2 was mixed with a conventfonal rayon viscose to adjust tfie pro- 
portion of the chitin-chitosan fiber of tiie final product to 10% by weight The fiber spinned in a conventional spinning 
batii for rayon was formed into nonwoven fabrics. Determinatfon of degree of sterilization by a shake flask method as 
regulated by Committee of Anti-microbial and Deodorant Rnishing for Textile. Japan (Seni Seihin Eisei Kakoh 
Kyougikai: SEK) showed higher effects in the products having higher DAC ratia 



Degree of sterilization 


No. 5 (DAC ratio: 57%) 


94% 


Na 6 (DAC ratio: 32%) 


48% 


E. coii IFO Na 3301 was used for the 


test bacteria. 





Effect of The Invention 

(a) According to the present invention, a viscose of chitin-chitosan can be produced by using conventional viscose 
production facilities with some improvements in cellulose viscose production process. From this chitin-chitosan vls- 
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cose w re produced, after mixing with a cellulose viscos by th various mixing method described hitherto, chitin 
fibers, chitin films or sponge like solids that can be applied for various use. Industrial production of chitin-chitosan 
viscose was made possftsle from the comm rctally available chitin material by adjudging its degree of polymeriza- 
tion in the immersing step, by adjusting its OAC ratio depending on the f inal use of the product or by controiting th 
5 temperature of the altaUine solution at the compression step. 

(b) Chin-chrtosan can be artoitrarily mixed 'with cellulose in their raw materials or in the steps of alkaline addition, 
xanthate formation or viscose formation. 

(c) The chitin-chitosan fbers or films according to this invention are espedaily excellent in their anti -microbial activ- 
ity. As are shown in Example 3. the chitin-chitosan and naturaJ rayon mixed fS)ers showed a degree of sterilization 

10 of 53% for Staphylococcus aureuse. 88% for Bacillus pneumoniae arxj 45% for Pseudomonas aeruginosa before 
washing, which are the values that meet well to the standards of SKE (not less than 26%). 

(d) Besides anti -microbial activity, the chitin-chitosan fibers or films, or compiexed fbers or films of chitin-chitosan 
and cellulose, are useful tor their better dyeabil'ity to acidic dyes by taidng advantage of the cationic natue of chitin- 
chitosan iEis compared with the f bers or films obtained from the conventionaJ cellulose viscosa This cationic nature 

15 IS applicable, not only for ft)efs having dye affinity, but also for fbers having various chemically capturing activity 
(absorptivity or reactivity). 

(e) The Chitin-chitosan fibers accoiding to this invention (having cellulose content of 0 to 100%) can be used not 
only by itself but also by being blended or blended and woven with natural fibers like silk, cotton, flax or wool, or 
regenerated f Ssers. man-made fibers, or synthetic fibers like polyester, nylon, acrylic fibers. 

20 (f) The chitin-chitosan fibers or articles according to this invention can be effectively used for deodorizing materials 
or growth accelerating agerrts for plants. 

(g) The cNtin-chitosan/cellulose f bers or films are applicable for nonwoven fabrics, films as well as tor textiles like 
spinning fibers, dothing or Knits. The nonwoven fabrics, toam materials or films can be used for clothing like surgi- 
cal wears having an arrti-nrdcrobial activity, daily rrdsceltaneous goods such as diapers having an arrtinnflammation 

25 effect or wet tissue papers having an anti-miaobial activities, agricultural goods like films having a soil-reforming 
effect, bed-mats like a cushion for preventing frictional inflammation, industrial materials like filters having an anti- 
microbial activity, or medical materials. 

(h) The composite sponge of chitin-chitosan/cellulose according to this invention can be used for toiletries Hke a 
sponge for washing the face and body. 

30 (i) Knits and textiles of chitin-chitosan/celtulose can be used for clothing like undershirts, socks or T-shirts, bedroom 
comnnodities like pajamas, bed covers or cushions, miscellaneous dairy goods like towels, slippers or cloth bags, 
or medical materials like gauzes, bandages, stapes or plasters. 

Claims 

35 

1 • A process for producing chitin-chitosan viscose characterized in that a chitin material containing 0.2% by weight or 
less of ashes, having a viscosity of 20 to 250 CPS and particle diameter of 4mm or less is used, comprising the 
steps of adjusting DAC ratio and degree of polymerization of said chitin material by immersing the material in 30 to 
48% by weight of an aqueous solution of NaOH for 10 to 300 minutes at 40 to 95*C (ref^ed to as a pre-immersion 

40 step) to form a compound having a structure unit of chiti'n hcnnng aminoacetyl groups arxj a structure unit of chi- 
tosan having amino groups (refeaed to as chitin-chitosan hereinafter), immersing ttie chitin-chitosan in said aque- 
ous solutton of NaOH for 1 0 to 60 minutes at a reduced temperature of 70 to SO^'C to adjust NaOH content (referred 
to as a post-immerston step) arxi crushing the chitin-chitosan after compressing it into 3 to 5 times the specific 
weight of the chitin material; followed tsy subjecting to a xanthogenation reaction of chitin-chitosan by introducing 

45 28 to 80% by weight of 083 to the chitin material at 20 to 35^0 for 2 to 4 hours at a reduced pressure, and then 
adding 2.5 to 30th volume of crushed ice to the chitin material to dissolve the chitbi-chitosan with stirring for 2 to 30 
hours. 

2. A process lor producing a fiber of chitin-chitosan alone or a f ber composed of chitin-chitosan and cellutose, char- 
50 acterized in that the fiber is spinned by the wet spinning method for the conventional viscose rayon by using a vis- 
cose containing chitin-chitosan alone produced isy the steps according to Claim 1 , or tsy using a viscose in which a 
viscose of cellulose is solut^iiized in a desired amount 

3. A process for producing chitin-chitosan films or chitin-chitosan and cellulose corrplexed films, characterized In that 
55 the films are formed by a conventional viscose process for producing cellulose films using a viscose of chitin-chi- 
tosan alone produced accoiding to the steps in Claim 1 or using a viscose in which chitin-chitosan and cellulose 
are solubilized in a desired ratio by weight followed by defoaming. 

4. A process for producing foam materials of chitin-chitosan or mixed foam materials of chitin-chitosan arKi cellulose. 
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characterized in that the chitin-chitosan viscose, which is produced by the steps according to Oaim 1 or a viscose 
produced by the process according to Claim 2, in which the chitin-chitosan and conventional cellulose are solubi- 
Itzed in a desired amount is mixed with a foaming agent (a bubble forming agent) and spinned in a spinning bath 
for the cellutosa viscose to produce the foam materials. 

5 

5- Chitin-chitosan fiber or chitin-chrtosan 'and cellulose mixed fiber, knits and teoctiles. film, nonwoven fabric or foam 
material, characterized In thatfbers. films or foam materials composed of chitin-chitosan or chKin-chitosan and cel- 
lulose produced by the process aocor(Sng to Claim 2, 3 or 4 are used for clothing, medical articles, hygienic articles 
or miscellaneous daily goods having bio-compatibility, anti-microbial activity and good dyeabifity. 
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